Abstract: Bangka is the largest tin producing island in Indonesia. Sand tin tailing may have 95% sand, C-organics less than 2%, cation exchange capacity less than 1.0, and its soil temperature may reach 45 o C. The objective of this research was to study the growth of ten selected local tree species in various planting densities and soil treatments on a barren tin-mine. The study aimed to identify agricultural techniques which the improved microclimate for those species, and enhanced natural recolonisation. A planting density of 10,000 seedlings ha -1 and legume cover crops gave the highest survival rate, cover, and litter production. It was suggested that higher planting density improved the microclimate faster. As Hibiscus tiliaceus, Ficus superba, Calophyllum inophyllum, and Syzygium grande had the highest individual survival and cover, and therefore show potential for revegetating sandy tin tailings.
Introduction
Reliance on natural succession to restore sand tin tailings without any human aid can be very slow (Mitchell 1959; Nurtjahya et al. 2007a) . Natural regeneration of 7-year old tin-mined land was initiated by plants from the Cyperaceae, Poaceae, and Melastomaceae; and followed by herb species at 11-years old; then by shrub species by 38-years. The vegetation structure of 38-year old tin-mined land was less than 2% similar to the vegetation structure of a forest (Nurtjahya et al. 2007a) .
Sand tin tailings need to be amendment before planting. The un-mined C/N ratio was higher than forest. Concentrations of Ca, Mg, K, and Na were lower than undisturbed land, where older tin-mined land had higher concentrations than the younger ones. The cation exchange capacity of all tin-mined lands was very low, and the total base concentration was much higher than in forest and abandoned farmed-land (Nurtjahya et al. 2007a) . No toxicity, however, was reported and heavy metal concentrations were still below those of the undisturbed land (Kusumastuti 2005) .
A number of exotic species are widely used in rehabilitation programs but ecological caution suggests it is unwise to continue to rely on such a limited species mix for all future rehabilitation efforts (Lamb and Tomlinson 1994) . The use of native tree species will accelerate natural succession. Xerophytic (Khemnark and Sahunalu 1988) and catalytic species, and some belong to sandy soil (Norisada et al. 2005) , Padang vegetation, and Barringtonia formation seems to be suitable for revegetating tin-mined lands. Lists of plant invaders in revegetated tin-mined land (Latifah 2000; Setiawan 2003 ) may be considered.
Besides species selection, cultivation methods are another important factor in accelerating sand tin tailing restoration. Although much work has been carried out, there is a lack of systematic scientific studies on suitable site amelioration techniques (Ang et al. 2003) . Besides standard soil amendment practices in Bangka (Nurtjahya 2001) , various organic and non-organic materials, including microorganisms have been examined (Puryanto 1983; Awang 1988 : Sastrodihardjo 1990 Madjid et al. 1994; Naning et al. 1999; Nurtjahya 2001; Setiadi 2002; CBR 2002 ).
To improve microclimate, a suitable planting method is needed (Rachmawati et al. 1996) . Parrotta and Knowles (2001) reported thag high density 2 m x 2 m (2,500 tree ha -1 ) planting with high plant species richness (80 -100 species) proved to be successful in bauxite mines in Brazil.
A combination of soil amendments together with appropriate species and planting methods would be expected to successfully revegetate tin-mined land quickly and cheaply.
To evaluate the success of a revegetation program, various indicators can be applied: survival rate, plant growth rate, vertical and horizontal root growth, plant cover, litter production, local species recolonisation, and habitat improvement (Setiadi 2002) ; tree composition and size, integrity of rip-lines, nutrient cycling index, and habitat complexity (Ludwig et al. 2003) , landscape function analysis (Tongway et al. 2001) , bacterial functional redundancy (Yin et al. 2000) , ant (Andersen and Sparling 1997) , and bird (Passell 2000) .
The aim of this study was to study the growth of ten selected local tree species in amended sand tin tailings, and to identify cultivation practices which support the best growth of local tree species and encourage natural colonization.
Materials and Methods

Study Site
The two hectare barren tin-mined land was operated by PT Tambang Timah until 4 The premining vegetation was a swamp (Kusmah 2005) .
Species Selection
To assist natural regeneration, potential tree species were selected by choosing species which grow in an environment similar to tin-mined land i.e. dry, porous, and infertile soil, high day time temperature, and prone to hot winds. Species were selected which were pioneers in lowland forest and abandoned farmed-land, or had strong catalytic characteristics. Information was obtained from conservationists and from the literature.
Ten local tree species were selected: Calophyllum inophyllum L. (Clusiaceae) (11.7%) and
Hibiscus tiliaceus L. (Malvaceae) (9.9%) represented the Barringtonia formation (Backer and van den Brink 1965) which is tolerant to salt spray, nutrient-deficient soil, and seasonal drought (Whitten et al. 2000) . Seeds from all species, mostly collected from Bangka Island, were germinated in sieved- 
Experimental Design
The experiment consisted of a factorial randomized complete block design with two factors:
planting distance and soil treatment, and three replicates. The three planting distance levels were each planting distance treatment was 163 at 1 m x 1 m (J1, 10,000 seedlings ha -1 ), 46 at 2 m x 2 m (J2, 2,500 seedlings ha -1 ), and 14 at 4 m x 4 m (J3, 625 seedlings ha -1 ), a total of 3,345 plants in 45 plots. Each planting distance treatment plot had ten species.
The five soil treatments were: (T1) control, (T2) the application of 500 grams powdered slime tailing under Lepironia articulata Rich. at three, seven, and eleven months after planting, 
Data Collection and Analysis
Soil temperature at 3 cm depth and soil humidity at about 5 cm depth, inside and outside the coconut shells, was measured at nine months (wet season) and twelve months after planting (dry season). Survival and cover diameter of all individuals in each plot was measured at three, six, nine, and twelve months after planting. Fallen litter in each of the 45 plots was collected and weighed 12 months after planting. Population density of ants and Collembola spp. was determined using pitfall traps (Suhardjono 2004 ) at three, six, nine, and twelve months after planting. The number of plant species which invaded in each plot was determined at the end of the experiment. Analysis of variance (p<0.05) of the data was performed using one-way ANOVA and Duncan Multiple Range Test. F values and significance levels were analyzed using the statistical package SAS 9.1.
Results
Microclimate beneath coconut shells was improved (Nurtjahya et al. 2007b) . The shell significantly reduced soil temperature 4.3 o C inside the coconut shell at late dry season (month 9) and 2.1 o C at wet season (month 12), and significantly increased soil humidity between 7.6% -12.2% at inside the coconut shell at dry season and mostly between 0.8% -7.8% at wet season except at control (T1) and plots treated with slime tailing powder (T2).
Survival of all individuals in all 45 plots went down from 98.8% at three months after planting to 87.9% at six months after planting, and to 71.8% at nine months after planting and this percentage did not change at the end of the experiment (Table 1) . There was significant effect of interaction between planting distance and soil treatment to survival rate. At planting distance 1 m x 1 m, all soil treatments gave high survival rate (a). At planting distance 2 m x 2 m all soil treatments also gave the same survival rate (b). At planting distance 4 m x 4 m, soil treatment with 500 g slime powder (T2) and soil treatment with LCC and humic acid (T4) gave survival rate lower (c) than the other three soil treatments ( Table 2) Note: J1 = planting density 1 m x 1 m (10,000 seedlings ha -1 ), J2 = planting density 2 m x 2 m (2,500 seedlings ha -1 ), and J3 = planting density 4 m x 4 m (625 seedlings ha -1 ), T1 = control, T2 = the application of 500 grams powdered slime tailing under L. articulata at three, seven, and eleven months after planting, T3 = an equal composition (1:1) 30 kg ha -1 of legume cover crops (LCC) C. mucunoides and C. pubescens, T4 = LCC and the application of 2.5% (v/v) humic acid at three, seven, and eleven months after planting, and T5 = LCC and top soil. Note: T1 = control, T2 = the application of 500 grams powdered slime tailing under L. articulata at three, seven, and eleven months after planting, T3 = an equal composition (1:1) 30 kg ha -1 of legume cover crops (LCC) C. mucunoides and C. pubescens, T4 = LCC and the application of 2.5% (v/v) humic acid at three, seven, and eleven months after planting, and T5 = LCC and top soil.
Similar superscript letters (a, b, c) within a column indicate that means were not significantly different between treatments (P<0.05).
There was significant interaction between planting distance (J) and soil treatment to cover of Note: T1 = control, T2 = the application of 500 grams powdered slime tailing under L. articulata at three, seven, and eleven months after planting, T3 = an equal composition (1:1) 30 kg ha -1 of legume cover crops (LCC) C. mucunoides and C. pubescens, T4 = LCC and the application of 2.5% (v/v) humic acid at three, seven, and eleven months after planting, and T5 = LCC and top soil.
Similar superscript letters (a, b, c, d, e) within a column indicate that means were not significantly different between treatments (P<0.05)
The average of litter production was 119 kg ha -1 year -1 . There was interaction between planting distance (J), and soil treatment (T) to litter production. Treatment with highest density and LCC (J1T3) had the highest litter production (459.7 kg ha -1 year -1 ) although was not significantly different to highest density and LCC and the application of humic acid (J1T4) that was 233.8 kg ha -1 year -1 , to highest density and LCC and top soil (J1T5) that was 293.3 kg ha -1 year -1 , and to least density and LCC and top soil (J3T5) that was 124.5 kg ha -1 year -1 .
Treatment with least density and the application of slime tailing powder (J3T2) had the least litter production (3.1 kg ha -1 year -1 ). Highest density (1 m x 1 m) that was 212.5 kg ha -1 year -1 was higher than middle density (2 m x 2 m) that was 90.9 kg ha -1 year -1 , and least density (4 m x 4 m) was the least that was 53.6 kg ha -1 year -1 . Soil treatment with LCC (T3) that was 208.6 kg ha -1 year -1 , LCC and the application of humic acid (T4) that was 145.8 kg ha -1 year -1 , and LCC and top soil (T5) that was 207.1 kg ha -1 year -1 gave high litter production compared to control (T1) that was 19.1 kg ha -1 year -1 and the application of slime tailing powder (T2) that was 14.4 kg ha -1 year -1 . Regardless the planting density, the use of LCC supplied a major percentage of litter production. In fact, the litter was majority (about 90%) came from C. mucunoides. C. pubescens showed poor adaptation to sand tin tailing environment.
There was no interaction between planting distance and soil treatments to ants and Collembolan population, but the time factor showed it (Nurtjahya et al. 2007c) . The average of ant population density at month 9 was the highest (11,909 ind. m -2 ) and not siginificantly different with month 6 (7,243 ind. m -2 ), while the density of month 6 was not significantly There was 41 species belonged to at least 8 families found at study sites at month 12, 18 species of Poaceae, 7 species of Cyperaceae, 3 species of Asteraceae, 2 species of Leguminosae, 2 species of Melastomataceae, 1 species of Euphorbiaceae, 1 species of Orchidaceae, 1 species of Myrtaceae, and 6 species of other families. Four highest frequencies were recorded at species belong to Cyperaceae (88.9%), Melastomataceae (33.3%), Leguminosae (24%), and Poaceae (22%). There was no significantly different among plots, but soil treatments showed the differences. Top soil plus legume cover crops was the highest (7.4 species) and significantly different to others.
Discussion
It is suggested that the higher planting density, the faster plant cover covered the barren unfavourable area. The establishment of vegetative cover quickly should be emphasized during the early years of land rehabilitation at coal-mined rehabilitation (Wali 1999) . The interaction between planting distance and soil treatment seemed to be determined by planting density and species composition in each plot. As the majority of individuals at planting density 10,000 seedlings ha -1 was more adaptive species, the overall survival was higher that other two.
Comparing the composition of four highest survival and cover species (H. tiliaceus, F. superba, C. inophyllum, and S. grande) at three different planting densities, the total percentage of those species was not significantly different. This data showed that other six species might be also responsible to the difference. Other study (Nurtjahya and Juairiah 2006) showed that S. grande seemed to have more morphology, anatomy, and physiological adaptations on tin-mined land than V. pinnata seedlings by examining stomata density, and root conductivity ratio. Higher density and top soil gave the highest survival rate at 78.7%. Higher density might supply more organic matter, might support more suitable soil and air temperature, and soil humidity. Highest planting density also gave highest cover. These four species showed higher adaptability to sand tin tailing.
The combination of higher planting density and legumes, and the combination of higher planting density, legumes and top soil would increase the organic matter, and improve the microclimate by covering the bare ground faster. The efficiency of choosing high density with ecological benefits, however, might be also evaluated from the economic point of view. It seems that choosing a combination of middle planting density and legumes and combined with the use of four best local tree species may work. Litter production was significantly influenced by legumes mostly C. mucunoides leaf. Litter accumulation is the first visible sign of soil recovery (Setyawan et al. 2003) .
Collembolan population significantly increased along with the age of study site although their average number at month 12 was only 8.3% of those at undisturbed land. The tendency of higher ants and Collembolan population at higher plant density may due to improved microclimate especially humidity. Collembolan population which increased from month 6, month 9, and month 12 reflected the increasing soil fertility and higher litter as the plant grew, and better microclimate. Ants population on the other hand showed different trend and seemed it failed to agree with Andersen and Sparling (1997) that ants as indicator of restoration process following disturbance. Probably it was affected by dynamics among the community over the time and possible hot spots at few plots due to man activities nearby, and one or two dogs from nearby hamlet was sometimes passing the study area. Collembola as a potential bioindicator for revegetation on tin-mined land success was suggested (Nurtjahya et al. 2007c) . A similar study was reported that there was a quadratic four-morphospecies Collembolan population increase (y = 33.352x 2 -91.189x + 179.56; R 2 = 0.9817) at 0, 3, 7, 9, 12, and 13-year revegetated tinmined soil under Acacia mangium Willd. (Fabaceae) although there was not significant difference among the 3, 7, 9, 12, and 13 year revegetated areas (Nurtjahya et al. 2008 unpublished) .
Soil treatment with top soil plus legume cover crops had the highest invading species among four soil treatments. It seemed that the top soil showed the function as source of seeds. Zhang et al. (2001) reported that 1-cm layer of top soil provided sufficient seeding density as thick top soil did at lead/zinc mine tailing. The good management of top soil for soil fauna, nutrient cycle, and biodiversity development on tailing was mentioned (Parrotta 2003, pers. comm.) . The least invaders at tailing slime powder (T2) was probably due to a relatively acidic slime powder which did not support germination. The only woody species found was A. mangium, which most probably dispersed by birds as the source plant was a relatively far, about 1 km as the nearest from the site. Almost half of the site was surrounded by water, and the other part was peat swamp dominated by Melaleuca leucadendron and barren sand tin tailing. Birds as possible A.
mangium seed disperser are reported (Starr et al. 2003) .
Conclusion
Although it needs further verification, higher planting density played role in improving microclimate as more mineral soil and organic material added at the same area, faster soil coverage, might reduce hot and strong wind and high evapotranspiration. Alternating rips planting model faster minimized the open area. Species selection and composition seemed to be responsible for high survival and cover. Combination high planting density 10,000 seedlings ha 
